Abstract: The realization of spin-based logical gates crucially depends on magnetically-coupled spin qubits. Thus, understanding decoherence when spin qubits are in close proximity will become a roadblock to overcome. Herein, we provide a general first-principles model that straightforwardly evaluates the spin bath effect on the qubit phase memory time m T . The method is applied to a ground-spin 8 J  magnetic molecule 1 displaying atomic clock transitions, which remarkably increase m T at unusually high spin concentrations. Besides reproducing experimental m T values calculated by recent models in simple spin-1/2 systems, our approach unveils the causes that limit the coherence reached at the clock transitions in more challenging systems such as 1, where these previous models fail.
exist some proposals, where spin qubits could be integrated in 2D arrays able to coherently control, read-out and, especially, mediate communication between a set of qubits. [20, 21] Herein, we aim to unveil the key factors limiting phase memory times in spin qubits displaying ZEFOZ shifts. The target system is a single-crystal of a Ho III -based spin qubit 1, Fig.2 . [4] . 
We consider that each magnetic center is described by the same spin Hamiltonian. Thus, Landé
, expectation values   The former depends on the electronic structure, and the latter depends additionally on magnetic dilution. The gap  in 1 at the ZEFOZ fields is set by the 4 4 B parameter, which is activated because of the deviation from the D4d symmetry of the Ho-coordinating oxygen atoms set. [4] Simple calculations reveal that  scales with 4 4 B as  (GHz) = 2. 4 4 B in a wide range around 3.14·10 -3 cm -1 . Thus, given a spin concentration, we expect that a rise in 4 4 B will increase  The main contribution from the nuclear spin bath in 2 is due to the four Cu-coordinating nitrogen nuclei in Fig.S1 . [22] This interaction corresponds to a contact hyperfine coupling, see SI, much stronger than a magnetic dipolar interaction, with coupling constants Herein, we have developed a straightforward ab initio model that satisfactorily simulates the influence of magnetic noise on the phase memory time m T of a given spin qubit. The model works in wide spin concentration ranges, and incorporates contributions from nuclear and electron spin baths. It is also valid in isotropic and anisotropic magnetic systems, and can deal with distributions in electron structure and Zeeman parameters. Besides being successful in simple spin-1/2 systems, it accounts for qubit coherence in challenging systems displaying ZEFOZ shifts, where previous models fail. Indeed, our results state that a properly engineered electronic structure can result in enhanced ZEFOZ coherences. Namely, special focus should be put on highly-axial Landé tensors and key parameters that control the qubit energy gap. Thus, this general method constitutes a widely applicable tool able to offer insight on understanding decoherence towards integrating spin qubits in quantum devices. Because of the potential applicability of ZEFOZ-based approaches in providing close-proximity and coherent spin qubits, in a future work we will address the issue of the fast m T decay out of the ZEFOZ fields. [4] Green and orange curves are theoretical calculations using the model in ref. [22] and that of the present work, resp. 
